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Introduction
Numerous health problems frequently accompany the later decades in life. The elderly are thus extensive consumers of health services, and this is reflected in the demand for hospital admissions. In Brazil in 1996, hospitalization of the elderly (60 years of age or older) cost 23% of the total health care budget for hospital admissions under the Unified National Health System (SUS). This proportion was 2.9 times the relative contribution of this age group (8%) to the country's total population (Lima-Costa et al., 2000b) . The majority of hospital expenditures are on a relatively small group (approximately 15-20%) of older adults with chronic illnesses (Freeborn et al., 1990; McCall & Wai, 1983; Roos & Shapiro, 1981; Roos et al., 1989; Zook & Moore, 1980) . Frequently hospitalized elderly could enjoy better health if they were identified early and treated preventively (Boult et al., 1993) .
Recent studies in developed countries based on data from questionnaires and using the behavioral model proposed by Andersen (Aday & Andersen, 1974; Andersen, 1995; Andersen & Newman, 1973) have shown that predisposing and enabling factors and need are powerful predictors of hospitalization of the elderly (Boult et al., 1993; Hurd & McGarry, 1997; Pacala et al., 1997) . Predisposing factors precede the onset of illness (e.g., gender, age, or beliefs regarding treatment efficacy). Enabling factors make health services available to the individual (e.g., salary and health plan coverage). Need indicators represent the most immediate cause of health services utilization (e.g., self-rated health and diagnosis of a disease or chronic condition) (Aday & Andersen, 1974; Andersen & Newman, 1973; Branch et al., 1981) .
Population-based studies to determine factors associated with hospitalization among the elderly are rare in developing countries ). These factors were investigated at the baseline of a prospective study on aging in Bambuí, Minas Gerais State, Brazil, using data obtained through a questionnaire. Variables significantly associated with two or more admissions in the previous 12 months were: (1) worse self-rated health, more visits to doctors, use of more prescription medication, history of medical diagnosis of coronary disease, having interrupted routine activities during the previous two weeks due to health problems, having been bedridden during past two weeks, and inability to walk 1.5km without tiring (indicators of need); (2) age ≥ 80 years, male gender, and living alone (predisposing factors); and (3) financial problems in obtaining medication (enabling factors). The results were similar to those observed in developed countries (Boult et al., 1993; Branch et al., 1981; Hurd & McGurry, 1997) .
In general, need indicators, based on information obtained through interviews, are those presenting the strongest association with hospitalization and use of other types of health care by older adults (Borges-Yáñez & Gómes-Dantés, 1998; Boult et al., 1993; Branch et al., 1981; Coleman et al., 1998; Evans et al., 1988; Guerra et al., 2001; Hurd & McGarry, 1997; Pacala et al., 1997; Pinheiro & Travassos, 1999; Satish et al., 1996; Wolinsky et al., 1992) .
Need indicators constructed from objective measurements of biomedical factors have been used infrequently to investigate prediction of hospitalization of the elderly. Tayback et al. (1990) performed a prospective study to verify the effect of body mass index (BMI) on mortality and hospitalization among older Americans (aged 55-74 years). After a mean followup period of 8.7 years they concluded that low BMI was associated with increased mortality but not with risk of hospitalization. In another population-based study in the United States, a sample of 6,461 adults over 45 years of age was followed for 12-16 years. According to the study, risk of hospitalization among older individuals was associated with hypertension, low serum albumin, current smoking, diabetes, lung disease, and ischemic heart disease but not with serum cholesterol (Miller et al., 1998) . Hanlon et al. (1998) studied a cohort of 8,349 women and 7,057 men 45-64 years of age in Central Scotland. After a 23-year follow-up they showed that risk of hospitalization was associated with low forced expiratory volume, low and elevated BMI, greater age, male gender, current smoking, hypertension, hyperglycemia, and low serum cholesterol.
The present study was conducted on the baseline of a cohort study of older adult residents in Bambuí, Minas Gerais State (LimaCosta et al., 2000a) . Objectives of the study were to identify associations between hospitalization in the previous 12 months and selected biomedical measurements (BP, BMI, blood glucose, and serum cholesterol, triglycerides, and albumin) and to verify whether the inclusion of biomedical variables modified the associations previously observed in this cohort pertaining to hospitalization of older adults and predisposing, enabling, and need factors.
Study area
The present study was conducted in the municipality of Bambuí, situated in western Minas Gerais State. The municipality had approximately 20,000 inhabitants in 1991, 70% of whom lived in the urban area (IBGE, 1992) . The human development index in the municipality was 0.70, life expectancy at birth was 70.2 years, and 75% of deaths occurred among people ≥ 50 years (DATASUS, 1997) . The principal causes of death in 1996 were cerebrovascular disease (ICD-10: I60-I69), Chagas disease (ICD-10: B57), and coronary heart disease (I20-I25) (mortality rates = 113.3, 61.4, and 42.5 per 100,000 inhabitants, respectively) (DATASUS, 1998). The high mortality rate from Chagas disease among residents of this community resulted from chronic Trypanosoma cruzi infection. Although transmission appears to have been interrupted some 20 years previously, seropositivity rates among older inhabitants remain high due to the cohort effect .
Bambuí has a general hospital with 62 beds and a municipal polyclinic that offers primary health care 24 hours a day. In 1996 there was one physician per 1,000 inhabitants. In that same year, 545 public hospital admissions were recorded among residents ≥ 60 years (MS, 1997) . Among these, the principal causes were heart failure (ICD-9: 428) and bacterial pneumonia (ICD-9: 482, 485, 486) (hospitalization rates = 28.9 and 25.2 per 1,000 inhabitants, respectively).
Study population
Our team conducted a complete census of the town of Bambuí in November and December 1996 to identify study participants. All residents ≥ 60 years of age (n = 1,742) on January 1, 1997, were selected to participate in the baseline of the cohort study. Of 1,742 elderly individuals identified, 1,606 (92.2%) were interviewed and 1,495 (85.8%) were examined (laboratory tests, blood pressure, and anthropometric measurements); the latter group of 1,495 were selected for the present study. The individuals examined were similar to the general population ≥ 60 years with respect to all the characteristics investigated (gender, age, marital status, number of residents per domicile, family income, and schooling). Further details are presented in Lima-Costa et al. (2000a) .
Study variables
The dependent variable in this study was the number of hospitalizations in the previous 12 months (none, one, and two or more). A hospitalization was defined as at least one night spent by the patient admitted to hospital (CoroniHuntley et al., 1986) . Exploratory biomedical variables in this study were blood pressure, BMI (weight/height 2 ), and total serum cholesterol, HDL cholesterol, triglycerides, albumin, and fasting blood glucose. The following variables were also included: (1) smoking, the association of which with increased risk of hospitalization had been observed among the elderly in some previous studies (Halon et al., 1998; Miller et al., 1998) and (2) seropositivity for T. cruzi, due to high prevalence of the infection in the target community . Current smokers were defined as those who reported having smoked ≥ 100 cigarettes during their lifetime and who currently smoked. In a second stage, all the predisposing, enabling, and need variables identified as being independently associated with 1 or ≥ 2 hospitalizations among older adults were included in the study. The following variables (all need indicators) were found to be independently associated with one hospitalization in the previous 12 months: number of doctor visits in the past 12 months, number of prescription drugs used in the past 3 months, inability to perform routine activities due to health problems in the previous two weeks, having been bedridden in the previous two weeks, and inability to walk 1.5km without tiring. Variables independently associated with two or more hospitalizations were: predisposing factors (age, gender, living alone), enabling factors (financial problems in obtaining medication), and need (self-rated health during the previous six months, number of doctor visits in the previous 12 months, number of prescription drugs used in the previous three months, history of medical diagnosis of coronary disease, having ceased to perform routine activities due to health problems in the previous two weeks, having been bedridden in the previous two weeks, and ability to walk 1.5km without tiring) (Figure 1 ). Family income measured as number of time the prevailing Brazilian minimum wage (< 2 and ≥ 2) at time of interview was used to stratify the analysis of association between hospitalization and BMI < 20Kg/m 2 .
Data collection
Blood pressure (BP) and anthropometric measurements and blood samples were taken in the Emmanuel Dias Health Post, an extension service of the Oswaldo Cruz Foundation in Bambuí. BP was measured no less than 30 minutes after caffeine intake or smoking. The first measurement was taken after five minutes' rest and the second and third at two-minute intervals (JNC, 1993) . BP was measured by specially trained technicians, using a mercury column sphygmomanometer (Tyco 5097-30, United States) and stethoscope (Littman Cardiology II, United States). BP was defined as the arithmetic mean of the second and third measurements (Lima-Costa et al, 2000a) . Anthropometric measurements (weight and height) were taken with the subjects without shoes and wearing light clothing. These measurements were also taken by specially trained technicians using standardized equipment (CMS Weighing Equipment Ltd, United Kingdom).
Blood samples were taken by trained technicians in the morning after a recommended 12 hours' fasting. Serum cholesterol, triglycerides, albumin, and glucose were processed using an automatic analyzer (Eclipse Vitalab, Merck, Netherlands).
Presence of antibodies to T. cruzi was investigated using hemagglutination and ELISA (Biolab and Abbot, Brazil, respectively). Individuals were considered positive and negative when both reactions gave positive and negative results, respectively. Results were defined as undetermined when the two reactions were discordant (Lima-Costa et al., 2000a) .
Data on predisposing, enabling, and need variables previously identified as independently associated with hospitalization of older adults were obtained through interviews, using the Bambuí Health and Aging Study (BHAS) questionnaire ). Participants were interviewed at home. Interviewers were selected from community residents with at least 11 years of schooling. Proxy respondents were used when the study participant was incapable of answering due to a cognitive deficit or other health problem. Proxy respondents did not respond to questions that involved personal judgment, such as self-rated health (Lima-Costa et al., 2000a) . 
Data analysis
In the bivariate analysis, biomedical factors were treated as continuous variables, and their association with hospitalization was determined using the Kruskal-Wallis test (Zar, 1984) . Biomedical factors that presented associations with 1 or ≥ 2 hospitalizations at p < 0.20 (Greenland, 1989) in the bivariate analysis were transformed into discrete variables and were included in the multivariate analysis: BMI (< 20, 20-24, and ≥ 25kg/m 2 ) (National Heart, Lung, and Blood Institute, 1998), total cholesterol (< 200, 200-263 , and ≥ 264mg/dl, corresponding to their distribution in quartiles of the population), and blood glucose (< 126 and ≥ 126mg/dl) (Halter, 1999) . Multivariate analysis was performed using multinomial logistic regression (Hamilton, 1993; Hosmer & Lamenshow, 1989) . Age, gender, seropositivity to T. cruzi, and smoking were considered a priori confounding variables in this study. The variables that remained associated with 1 or ≥ 2 hospitalizations at p < 0.05 were kept in the final model. A second logistic model was constructed including the biomedical variables associated with 1 or ≥ 2 hospitalizations, plus the predisposing, enabling, and need variables previously identified as independently associated (p < 0.05) with 1 or ≥ 2 hospitalizations . Biomedical and other variables that remained associated with 1 or ≥ 2 hospitalizations at p < 0.05 were kept in the final logistic model.
Results
In all, 1,495 of the 1,742 Bambuí residents ≥ 60 years of age (85.8%) participated in the current study. Of these, 101 (6.8%), 226 (15.1%), and 1,168 (78.1%) had ≥ 2, 1, or no hospitalizations in the 12 months preceding the interview, respectively. Table 1 shows the distribution of biomedical factors according to hospitalizations in the previous 12 months. BMI (p = 0.013), blood glucose (p = 0.055), triglycerides (p = 0.061), and albumin (p = 0.050) were associated with hospitalization at p < 0.20.
In the bivariate analysis, seropositivity to T. cruzi was associated with 1 (OR = 1.52; 95% CI: 1.14-2.03) and ≥ 2 hospitalizations (OR = 1.93; 95% CI: 1.28-2.90), but this association disappeared after adjustment for confounding. Smoking was not associated with prior hospitalization according to the bivariate analysis. Table 2 shows the statistically significant results from the multivariate analysis of biomedical factors associated with 1 or ≥ 2 hospitalizations. Only serum cholesterol ≥ 264 mg/dl showed a negative and independent association with 1 hospitalization (OR = 0.58; 95% CI: 0.38-0.90). Biomedical factors independently associated with ≥ 2 hospitalizations were: BMI < 20 kg/m 2 (OR = 2.64; 95% CI: 1.49-4.69), total Table 1 Distribution of selected biomedical factors according to hospitalizations in the previous 12 months among older adults.
Bambuí, Minas Gerais State, Brazil, 1997. cholesterol ≥ 264 mg/dl (OR = 2.97; 95% CI: 1.45-6.07), and blood glucose ≥ 126 mg/dl (OR = 2.30; 95% CI: 1.27-4.16).
The following variables showed independent associations with 1 hospitalization: number of doctor visits in the previous 12 months (OR = 1.80; 95% CI: 1.21-2.67 and OR = 2.92; 95% CI: 1.58-5.43 for 3-4 and ≥ 5 as compared to no doctor visits, respectively), number of prescription drugs used in the previous three months (OR = 1.89; 95% CI: 1.07-3.35, OR = 1.96; 95% CI: 1.08-3.57 and OR = 2.92; 95% CI: 1.58-5.43 for 1-2, 3-4 and ≥ 5 versus none, respectively), having ceased to perform some routine activity due to health problems in the previous two weeks (OR = 1.88; 95% CI: 1.27-2.80) and inability to walk at least 1.5km without tiring (OR = 1.49; 95% CI: 1.05-2.11). None of the biomedical factors remained associated with 1 hospitalization after adjustment for the abovementioned variables. Table 3 shows the statistically significant results from multivariate analysis of biomedical factors and predisposing, enabling, and need variables associated with two or more hospitalizations. The following variables were independently associated with ≥ 2 hospitalizations: BMI < 20kg/m 2 , total cholesterol ≥ 200mg/dl, age ≥ 80 years, living alone, financial or other problems in acquiring medication, poor/very poor self-rated health, more doctor visits in the previous 12 months, more prescription drugs used in the previous three months, report of medical diagnosis of coronary disease, and having ceased to perform routine activities due to health problems in the previous two weeks. Table 4 shows the odds ratios for ≥ 2 hospitalizations according to BMI and family income. There was a strong association between BMI < 20kg/m 2 and hospitalization among older adults with higher family income (OR = 4.91; 95% CI: 1.84-13.09), but this association disappeared among those with lower incomes (OR = 0.92; 95% CI: 0.32-1.81). A possible interaction between family income and BMI was not statistically significant.
Discussion
Among the biomedical parameters considered in the present study, only lower BMI (< 20kg/m 2 ) and higher total serum cholesterol (≥ 200mg/ dl) were independently associated with two or more hospitalizations. These associations remained after adjustment for predisposing, enabling, and need variables previously identified as associated with multiple hospitalizations among older adults . None of the biomedical parameters was independently associated with one hospitalization in the previous 12 months.
The potential association between BMI and hospital admissions in older adults is contro- OR (95%) = Odds ratio (95% confidence interval) adjusted by age and gender, seropositivity for T.cruzi, smoking, and all variables listed in the table using multinomial logistic regression (1,439 individuals participated in the final analysis). BMI = body mass index. Table 3 Statistically significant results of multivariate analysis of biomedical factors and predisposing, enabling, and health care need variables previously identified* as independently associated with two or more hospitalizations among olderadults during the previous 12 months. Bambuí, Minas Gerais State, Brazil, 1997. versial. Tayback et al. (1990) found an association between low BMI and increased mortality in individuals over 65, but no such association between BMI and hospitalization. Another study found that both low BMI and obesity were associated with increased risk of hospitalization (Hanlon et al., 1998) . On the other hand, Miller et al. (1998) found an association between low BMI and greater risk of hospitalization in males over 65. In the current study, an association between low weight and multiple hospitalizations among the elderly could be the result of: (1) deficient nutrient intake (associated at the socioeconomic level) and/or (2) some underlying disease or chronic condition. Analysis of these results stratified by family income showed that the association between low BMI and hospitalization was only present among older adults with higher incomes. This finding reinforces the latter of the two hypotheses mentioned above. Utilization of serum cholesterol as a predictor of hospitalization among older adults is also controversial. Miller et al. (1998) found that serum cholesterol levels were not associated with risk of hospitalization. By contrast, Hanlon et al. (1998) showed that higher serum cholesterol reduced the risk of hospitalization in this population. The authors explained this finding on the basis of the known association between low cholesterol and some types of cancer as well as respiratory and digestive diseases ( Jacobs et al., 1992; Sharp & Pocock, 1997 ). In the current study, after adjustment for confounding , serum cholesterol was positively associated with two or more hospitalizations.
Some studies have shown that hyperglycemia (Hanlon et al., 1998 ) and a history of diabetes (Miller et al., 1998) increase the risk of hospitalization among older adults. On the other hand, no association between history of diabetes and hospitalization was observed in other studies (Boult et al., 1993; Hurd & McGarry, 1997) . A previous study developed from baseline data in the Bambuí cohort demonstrated an association between clinical diabetes and hospitalization in the crude analysis, which disappeared after adjustment for confounding ). The current study showed similar results for the initial association between higher fasting blood glucose and hospitalization, which disappeared after adjustment for confounding.
Higher systolic and/or diastolic arterial pressure among older adults has been described consistently in association with risk of hospitalization in cohort studies (Hanlon et al., 1998; Miller et al., 1998) . The current study found no association between pulse, systolic, or diastolic pressure and hospitalization. Differences between our results and those of the two studies mentioned above could be explained at least partially by methodological differences. Our results were obtained in a cross-sectional study of an elderly population, in which survival bias should always be taken into account (LimaCosta et al., 2000a) . Hypertensive individuals would have a higher probability of premature death, and one effect of this bias would be to dilute the force of potential associations (Kaplan et al., 1992) .
Our results showed that the previously identified associations between multiple hospitalizations and indicators constructed from interview information were relatively unaffected by the introduction of indicators based on the results of physical examination and blood tests. Only three of the eleven variables previously identified in this population as associated with two or more hospitalizations (male gender, having been bedridden in the previous two weeks, and inability to walk at least 1.5km without tiring) ceased to present this association after adjustment for the biomedical variables .
Every effort was made to avoid possible sources of bias in the methodology by promoting standardization of procedures and equipment and exhaustive training of the field team. The study participation rate was high, and participants were similar to the general population of older adult residents in Bambuí with respect to all socio-demographic study variables (Lima-Costa et al., 2000a) . Recall bias, which could affect measurement of the target events, did not occur, i.e., the overall hospitalization rate in the study population (21.5%) was close Table 4 Odds ratios for two or more versus no hospitalizations during the previous 12 months among older adults according to BMI and family income (Bambuí, 1997).
Bambuí, Minas Gerais State, Brazil, 1997. OR (95% CI) = odds ratio (95% confidence interval) The odds ratios were adjusted for gender, age, and all the variables listed in Table 3 to investigate interactions using the multinomial logistic regression method. BMI = body mass index.
to that estimated for all Bambuí residents over 60 years of age registered in the SUS (26%) (DATASUS, 1997) . On the other hand, survival bias should always be considered in cross-sectional studies of older adults (Kaplan et al., 1992; Lima-Costa et al., 2000a) , i.e., individuals in more precarious overall health and with the greatest probability of being admitted to hospital could die earlier and would thus not be included. This type of bias would tend to dilute the strength of the associations, therefore tending to confirm the associations identified. In summary, the study results show that indicators identifying elderly people at risk of hospitalization and obtained through questionnaires did not suffer great impact by the introduction of some objective measurements of biomedical variables. Characteristics such as living alone, self-reported financial difficulty in acquiring medication, worse self-rated health, more doctor visits and prescription drugs, history of coronary disease, and having ceased to perform routine activities due to health problems in the previous two weeks remained strongly associated (OR > 2) with multiple hospitalizations. These results confirm observations made in developed countries (Boult et al., 1993; Pacala et al., 1997) , that simple, easily obtained data may be useful in identifying older adults at increased risk of hospitalization who could be referred to preventive programs.
